The early years represent a critical period for promoting physical activity. However, the amount of physical activity needed for healthy growth and development is not clear. Using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) framework, we aimed to present the best available evidence to determine the relationship between physical activity and measures of adiposity, bone and skeletal health, motor skill development, psychosocial health, cognitive development, and cardiometabolic health indicators in infants (1 month -1 year), toddlers (1.1-3.0 years), and preschoolers (3.1-4.9 years). Online databases, personal libraries, and government documents were searched for relevant studies. Twenty-two articles, representing 18 unique studies and 12 742 enrolled participants, met inclusion criteria. The health indicators of interest were adiposity (n = 11), bone and skeletal health (n = 2), motor development (n = 4), psychosocial health (n = 3), cognitive development (n = 1), and cardiometabolic health indicators (n = 3); these indicators were pre-specified by an expert panel. Five unique studies involved infants, 2 involved toddlers, and 11 involved preschoolers. In infants, there was low-to moderate-quality evidence to suggest that increased or higher physical activity was positively associated with improved measures of adiposity, motor skill development, and cognitive development. In toddlers, there was moderate-quality evidence to suggest that increased or higher physical activity was positively associated with bone and skeletal health. In preschoolers, there was low-to high-quality evidence on the relationship between increased or higher physical activity and improved measures of adiposity, motor skill development, psychosocial health, and cardiometabolic health indicators. There was no serious inconsistency in any of the studies reviewed. This evidence can help to inform public health guidelines. (PROSPERO registration: CRD42011001243) Key words: physical activity, play, exercise, adiposity, psychosocial health, cognitive development, motor skill development, pro-social behaviour, preschoolers, toddlers, infants.
Introduction
Although the early years are a critical period for the development of active living behaviours, it is the period of growth for which we know the least about the health impact of physical activity (Timmons et al. 2007 ). In contrast, the health benefits of physical activity for school-aged children and youth are well established (Strong et al. 2005; Janssen and LeBlanc 2010) . It may be that questions regarding the health benefits of physical activity for the early years (i.e., aged 0-4 years) have not been addressed because society has traditionally thought of this as being a time of life when children are habitually "active enough" and, therefore, quite healthy. However, there is evidence that adult-onset chronic diseases have their origins in the early years (Berenson et al. 1998; Napoli et al. 1999) and that other chronic disease risk factors are present at very young ages. For instance, the World Health Organization has estimated that more than 42 million children under the age of 5 years are overweight worldwide (World Health Organization 2011) . Thus, the health implications of physical activity during the early years cannot be overlooked.
Studies that assess physical activity among preschoolers using objective measures (e.g., accelerometers) typically report low levels of physical activity of a moderate to vigorous intensity and very high levels of sedentary time (Pate et al. 2004; Timmons et al. 2007; Oliver et al. 2007; Hinkley et al. 2008) . A systematic review (Tucker 2008 ) of physical activity levels of any intensity among children aged 2 to 6 years concluded that only 54% of studies reported children of these ages were meeting the National Association of Sport and Physical Education's physical activity recommendation of at least 60 min of structured and 60 min of unstructured physical activity every day. If we accept that contemporary children have low levels of physical activity and that physical activity is needed for optimal health, then it could be assumed that inactivity during the early years increases the risk for health "deficits". However, in a previous narrative review, very little evidence linking physical activity with health outcomes in children aged 2 to 5 years was found (Timmons et al. 2007) . At that time, it was concluded that the scientific evidence was too weak to determine how much physical activity that age group needs.
Until recently, only 1 set of physical activity guidelines had been available for children under the age of 5 years (National Association for Sport and Physical Education 2009). Though these guidelines seem inherently reasonable and offer a common sense approach for those charged with the health of children during the early years, they are not based on a rigorous evaluation of the best available scientific evidence. This limitation reduces the transparency of findings (reproducibility for scientific scrutiny), the ability to objectively identify strengths and weakness of the research, and the ability to identify areas for future research. Examples of evidencebased guideline development include the recently released Australian and United Kingdom guidelines, which recommend that preschoolers be physically active for at least 180 min per day (Australian Government Department of Health and Ageing 2011; Start Active Stay Active 2011). Unfortunately, the scientific reviews of the literature that were used to inform those guidelines have not been published, so the nature of the relationship between physical activity and health during the early years remains uncertain.
In Canada, the demand for guidance on physical activity for the early years is clearly evident from an earlier paper (Timmons et al. 2007 ); based on journal access records, this paper was downloaded 2-5 times more frequently (nearly 6000 downloads) than other foundation papers used to inform updated guidelines for school-aged children, youth, adults, and older adults. Moreover, a consultation process for these updated guidelines completed by the Canadian Society for Exercise Physiology (Canadian Society for Exercise Physiology 2011) and the Public Health Agency of Canada revealed a strong demand for physical activity guidelines for the early years. Therefore, we embarked on a rigorous and transparent process of guideline development following the framework explained in detail by Tremblay and Haskell (2012) , including a systematic review. Thus, the purpose of this paper is to systematically evaluate the available evidence examining the relationship between physical activity and health indicators during the early years (aged 0-4 years). Specifically, this systematic review aims to identify, synthesize, and interpret the best available evidence for minimal and optimal amounts of physical activity needed to promote healthy growth and development (i.e., adiposity, bone and skeletal health, motor skill development, psychosocial health, cognitive develop-ment, and cardiometabolic health indicators) in infants (1 month -1 year), toddlers (1.1-3.0 years), and preschoolers (3.1-4.9 years). Another aim of this review was to help inform the development of evidence-based physical activity guidelines for this age group.
Methods
This review is registered with the international prospective register of systematic reviews PROSPERO network (registration no. CRD42011001243). More information on PROSPERO is available at http://www.crd.york.ac.uk/prospero/.
Evidence synthesis and quality assessment
The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) framework was used to guide our evaluation of the evidence from this systematic review, including a priori ranking of health indicators and risks of harm for increasing physical activity, and quality assessment of the evidence. In brief, GRADE is an internationally endorsed framework that provides systematic and transparent methods for clarifying research questions, determining outcomes of interest, summarizing relevant evidence, and presenting recommendations based on the quality of available evidence. For this review, included studies were divided by age group and then by health indicator. Quality of evidence for each health indicator was assessed based on study design, risk of bias, consistency of results, directness of the intervention, precision of results, and possible dose-response gradient. Details on data extraction are presented in the following sections. Details on GRADE methodology can be found elsewhere (Balshem et al. 2011; Guyatt et al. 2011a Guyatt et al. , 2011b Guyatt et al. , 2011c Guyatt et al. , 2011d .
Study inclusion criteria
The review sought to identify studies that examined the relationship between physical activity and one or more specified health indicators in the early years (infants: 1 month -1.0 year; toddlers: 1.1-3.0 years; preschoolers: 3.1-4.9 years). Studies were included only if there was a measure of physical activity. For the purpose of this review, we defined physical activity as any bodily movement generated by skeletal muscles that results in energy expenditure above resting levels (Caspersen et al. 1985) . Priority of the specified health indicators can be seen in Table 1 and were a priori identified by an expert panel that convened in March 2011 as part of the Canadian physical activity guidelines for the early years development process . The 6 eligible health indicators were as follows:
1. Adiposity (e.g., overweight-obesity measured by body mass index (BMI), waist circumference skinfolds, bio-impedance analysis (BIA), dual-energy X-ray absorptiometry (DXA or DEXA)); 2. Bone and skeletal health (e.g., determined with measurements such as bone mineral density or bone mineral content or related measure); 3. Motor skill development (e.g., motor proficiency, gross motor skills, or locomotor and object control); 4. Psychosocial health (e.g., self-concept, self-esteem, emotions, happiness, social-peer interaction and acceptance, aggression, and temperament); 5. Cognitive development (e.g., language development and attention); 6. Cardiometabolic health indicators (e.g., blood pressure; plasma lipid concentrations, such as high-density lipoprotein (HDL)-cholesterol and triglycerides; fasting glucose; insulin resistance; and inflammatory markers, such as C-reactive protein). Study design was an aspect of the inclusion criteria so that only the highest quality evidence was included, risk of bias was minimized, and to ensure our search identified a manageable number of possible studies. Studies were included if they were published and peer reviewed, and employed one of the following designs: randomized controlled trial, quasiexperimental, prospective cohort, or any study that has either a comparison group or a follow-up period (Haynes et al. 1990; Dishman et al. 2004) . Longitudinal studies were included if the data presented in the article were consistent with established age limits (i.e., the study was required to have at least 1 measurement from the 0-to 4.9-year-old period). Cross-sectional studies were not included because this design does not include a follow-up period. No language or date limits were imposed in the search; however, because of issues of feasibility, potential papers published in languages other than English or French (n = 9) were excluded. Details on included study designs and relevant definitions can be found in Appendix A.
Search strategy
The following electronic bibliographic databases were searched using a comprehensive search strategy to identify relevant studies: Ovid MEDLINE(R) (1948 to 11 May 2011), Ovid EMBASE (1947 to 11 May 2011), and Ovid . Duplicate articles were first removed using Reference Manager Software; remaining duplicates were removed manually. All articles were assigned a unique reference identification number in the database. The title and abstract of all potentially relevant articles were screened by 2 reviewers (C.D. and J.A.S.) and a full text copy of each article that met initial screening criteria was obtained. The same reviewers independently examined all full-text articles for inclusion in the review. Any discrepancies were resolved with a discussion and consensus between the 2 reviewers. If they were unable to reach consensus, a third reviewer was asked to examine the article, and in some cases, the questionable articles were presented to the entire guideline development panel and consensus on inclusion was achieved.
In addition to our search, 6 key content experts were contacted and asked to identify the most influential papers from their personal libraries examining physical activity and health during the early years. Two of these experts were involved in the development of preschool guidelines in Australia and the United Kingdom. Content experts were also consulted to help identify key health indicators and guide decisions on search terms. To further help identify studies and to guide the review process, government documents from Canada (Canadian Paediatric Society), Australia (Australian Government Department of Health 2011), and the United Kingdom (Start Active Stay Active 2011) were used for reference.
Data extraction
Standardized data extraction tables were created through consultation with methodological experts and input from the guideline development panel; data extraction was completed by 1 reviewer and checked by another for accuracy (one of C.D. or J.A.S.). Information was extracted regarding study characteristics (year, study design, country, number of participants, age), type of physical activity, measure of physical activity, and health indicator. Within age groups, at least 2 reviewers (S.C.G., M.E.K., B.W.T., and A.G.L.) independently assessed the quality of the evidence for all of the studies (Guyatt et al. 2011a (Guyatt et al. , 2011b (Guyatt et al. , 2011c (Guyatt et al. , 2011d Balshem et al. 2011) . Based on the quality assessments, we examined the impact of the risk of bias assessments on our overall confidence in the estimates of effect across studies, within 1 outcome (e.g., adiposity), and across outcomes, within 1 age group (e.g., infants). Reviewers were not blinded to the authors or journals.
Risk of bias assessment
Risk of bias assessment was completed for all included studies as part of the GRADE assessment of evidence quality. Briefly, the risk of bias assessment identifies methodological features of each study that impact our confidence in the overall estimate of effect for an outcome (e.g., allocation concealment, blinding, loss to follow-up, intention-to-treat principle (Guyatt et al. 2011h) ). Because of the nature of physical activity interventions, it is impossible to blind child participants and their caregivers to group allocation. Furthermore, since the majority of observational studies used parental report methods for assessing levels of physical activity, there was likely some inherent self-report bias. However, if it was determined that blinding of treatment allocation or parental report was the only potential source of bias, the quality of evidence was not downgraded.
Analysis
By age group (i.e., infants, toddlers, or preschoolers), we identified all studies contributing to each health indicator. By health indicator, meta-analysis was planned for data that were sufficiently homogeneous in terms of statistical, clinical, and methodological characteristics using Review Manager Software 5.0 (The Cochrane Collaboration, Copenhagen, Denmark). Otherwise, qualitative synthesis was conducted for remaining studies. A priori comparisons for subgroup analysis were planned as follows: by direct (e.g., accelerometer or direct observation) versus indirect (e.g., self-report; parent, teacher, or caregiver proxy) measurement; by different frequencies, intensities, times, or types of physical activity (i.e., dose of physical activity); finally, by study quality (if sufficient homogeneity existed, through risk of bias assessment).
Harms of increased physical activity
To ensure that both benefits and harms of interventions to increase physical activity were considered, potential harms associated with increased physical activity were discussed a priori and ranked by priority by 4 reviewers (S.C.G., M.E.K., A.G.L., M.S.T.). Similar to discussions regarding importance of health indicators mentioned above, potential harms associated with increased physical activity were ranked as unimportant, important, or critical. Ovid MEDLINE was searched for risks ranked as "important" or "critical". The search strategy was created by A.G.L., M.E.K., S.C.G., and M.S.T. and run by A.G.L. with the help of an expert in library and information science. No risks were ranked as important, and musculoskeletal injury was the only risk ranked as critical. An Ovid MEDLINE search was performed to assess the evidence for musculoskeletal injury. To maximize the search, all study designs were included (see search strategy in Appendix C).
Results
The preliminary search of electronic databases, reference lists, and documents provided by International consultants identified 11 222 potentially relevant articles (Fig. 1 ). Of these, 4534 were identified in MEDLINE, 3845 in EMBASE, 828 in psycINFO, 874 through SportDiscus, and 1141 through Cochrane Central Database. An additional 113 articles were identified through key informants, government documents, and bibliographies. After de-duplication, 7872 relevant articles remained. After a preliminary review of titles and abstracts, 307 articles were included for detailed assessment of the full-text article. Of these, 18 unique studies, rep-resenting 22 papers, met inclusion criteria. Reasons for excluding studies included ineligible age (n = 119), ineligible exposure (e.g., diet) (n = 87), ineligible outcome (n = 54), ineligible analysis (e.g., review article, cross-sectional design or analysis) (n = 87); many studies were excluded for multiple reasons. Table 2 provides a summary of the characteristics of all studies included in the review. In total, 12 742 enrolled participants from 8 countries were included in this review. Studies ranged from 31 (Li et al. 1995) to 9674 (Sugimori et al. 2004) participants. Articles were published over a 39-year period from 1972 (Porter 1972) to 2011 (Jones et al. 2011) , and follow-up duration, where applicable, ranged from 2 months to 8 years.
Quality of evidence by age group and across outcomes can be found in Tables 3-5 . Five unique studies examined the relationship between physical activity and health in infants (Table 3); 2 unique studies examined this relationship in toddlers (Table 4) ; and 11 unique studies examined this relationship in preschoolers (Table 5 ). The outcomes of interest represented in these unique studies were adiposity (n = 11), bone and skeletal health (n = 2), motor development (n = 4), psychosocial health (n = 3), cognitive development (n = 1), and cardiometabolic health indicators (n = 3). Parent-report was the most common indirect measure used to assess physical activity. Other studies used either accelerometry or a measure of direct observation to quantify time spent participating in physical activity. Some studies included results for more than 1 age category and were presented accordingly. Because of the heterogeneity of measurement tools, interventions, and outcomes, meta-analysis was not possible for any health indicator. Therefore, subgroup (or sensitivity) analysis was not possible or appropriate for measurement type, dose, or study quality.
Data synthesis
Overall, in infants there was low-to moderate-quality evidence to suggest that increased or higher physical activity is positively associated with improved measures of adiposity, motor skill development, and cognitive development. In toddlers, there was moderate-quality evidence to suggest increased or higher physical activity was positively associated with bone and skeletal health. In preschoolers, there was low-to high-quality evidence on the relationship between increased or higher physical activity and improved measures of adiposity, motor skill development, psychosocial health, and cardiometabolic health indicators.
Adiposity
Eleven unique studies (reported as 13 papers) examined the relationship between physical activity and adiposity, primarily through measures of BMI. Of the 11 unique studies, 3 studied infants, 1 studied toddlers, and 7 studied preschoolers. Although the study involving toddlers (Sugimori Preschooler (gross motor = 4 y; fine motor = 3.8 y)
PA (gross motor vs. fine motor intervention 30 min·d -1 , 5 d·wk -1 + placebo, 1 year) Adiposity (total body fat, total body lean); bone and skeletal health (arm BMC, leg BMC, total body BA, arm BA, leg BA, periosteal circumference, endosteal circumference, cortical area, cortical thickness) Specker et al. 1999 USA RCT T1 = 72, T2 = 69, T3 = 66, T4 = 60, T5 = 58; gross motor = 34; fine motor = 35
Infants (T1 = 6 mo, T2 = 9 mo, T3 = 12 mo); toddlers (T4 = 15 mo, T5 = 18 mo) PA (gross vs. fine motor intervention 15-20 min·d -1 , 5 d·wk -1 , 1 y long)
Bone and skeletal health (BMC, bone circumference) Moore et al. 1995 and both reported data from the Framingham Children's Study. Studies by Sugimori and Wilson met inclusion criteria but data was presented cross-sectionally and therefore excluded from analysis. Sample sizes provided as T1 indicate no. of participants enrolled. RCT, randomized controlled trial; PA, physical activity; BMI, body mass index; T1, time 1; T2, time 2; T3, time 3, etc.; SDS, standard deviation scores; WC, waist circumference; BP, blood pressure; MVPA, moderate-to vigorous-intensity physical activity; hsCRP, high sensitivity C-reactive protein; SBP, systolic blood pressure; DPB, diastolic blood pressure; HDL, high-density lipoprotein; BMC, bone mineral content; BA, bone area. Ku et al. 1981 , Li et al. 1995 , Shapiro et al. 1984 , Wells and Ritz 2001 bone and skeletal health, Specker et al. 1999; motor development, Porter 1972; psychosocial health, Porter 1972; cognitive development, Porter 1972 . RCT, randomized controlled trial; MD, mean difference. a Includes 4 prospective cohort studies (Ku et al. 1981; Li et al. 1995; Shapiro 1984; Wells and Ritz 2001) .
b Shapiro et al. (1984) and Ku et al. (1981) are both reports of the same longitudinal cohort of 450 infants. Shapiro reports obesity defined by sum of skinfolds measures, and Ku reports sum of skinfolds and underwater weighing measures. Did not present longitudinal analysis of physical activity and skinfolds and therefore excluded from further analysis (Shapiro et al. 1984) . For each 15-min interval child spent active, skinfolds decreased by 0.6 mm; no effect on fat-free mass (Wells and Ritz 2001) .
f No effect of physical activity levels at 6 months and 1 year on percent body fat at 8 years (Ku et al. 1981 ); no effect of activity at 6 months and fat mass at 12 months (Li et al. 1995) .
g Includes 1 randomized control trial (Specker et al. 1999) .
h Authors reported 72 infants randomized; however, they did not report number of infants initially randomized to each group, only number analyzed at 9 months of age.
i Randomization method not reported; allocation concealment not reported; randomization stratified according to childcare center and gender. Not reported if parents or childcare providers were blinded to physical activity intervention (gross vs. fine motor). Unlikely that infants' knowledge of assignment would affect intervention. No beneficial effect of physical activity levels at 6, 9, and 12 months on BMC at 18 months (Specker et al. 1999 ).
k Includes 1 randomized controlled trial (Porter 1972) . l Parents and caregivers were not blinded to treatment allocation; unsure if outcomes assessors were blinded to treatment allocation; no intention-to-treat analysis; excluded those who did not carry out the management plan for the group and those who became sick during the study and had exercise interrupted. Intervention group had mean motor development quotient scores on the Gesell Development Schedule that were 17 units higher than the control group (p < 0.01) (Porter 1972) .
n Intervention group had mean personal social development quotient scores on the Gesell Development Schedule that were 24 units higher than the control group (p < 0.01) (Porter 1972) .
o Intervention group had mean language quotient scores on the Gesell Development Schedule that were 16 units higher than the control group (p < 0.01) (Porter 1972). et al. 2004) met our inclusion criteria, because the physical activity data were only presented at 6 years of age the study was excluded from further analysis. Details of these 11 unique studies can be found in Table 2 .
In infants, higher activity levels were associated with lower skinfold thickness (Wells and Ritz 2001) ; infant time spent active was negatively related to triceps skinfold thickness, after adjusting for total fatness, suggesting that the impact of physical activity was most pronounced on peripheral adiposity rather than whole-body adiposity. In contrast, 2 other studies did not find a relationship between infant activity level and measures of adiposity later in life (Ku et al. 1981; Li et al. 1995) . The studies had low-quality evidence and no serious risk of bias, inconsistency, indirectness, or imprecision (Table 3) .
In preschoolers, 4 randomized trials and 3 prospective cohort studies (represented in 4 papers) were found. Of the 4 randomized controlled trials (RCTs) included, 3 found no effect of an exercise program on BMI (Reilly et al. 2006; Jones et al. 2011) or total body fat (Specker and Binkley 2003) . Trials by Jones and by Reilly both compared structured activity programming in the childcare setting that aimed to increase physical activity. Specker and Binkley compared a program of gross motor activity to a fine motor activity intervention to improve body fat. The final RCT (Mo-suwan et al. 1998) used a structured dance class. This study found no effect on the prevalence of obesity, but found that girls in the exercise group were 68% less likely to increase their BMI; an effect that was not observed in boys. In other words, exercise protected the girls against gains in BMI. One prospective study found no effect (Metcalf et al. 2008) . Three other observational studies involving preschoolers were included. Two unique studies (Klesges et al. 1995; Moore et al. 2003 Moore et al. , 1995 found that higher activity at baseline was associated with smaller gains in BMI, with evidence of a dose-response relationship between physical activity and BMI and skinfold thickness (Moore et al. 2003) ; higher physical activity during the preschool years was associated with better measures of adiposity up to 7 years later (Moore et al. 2003 ). Ku found that activity at 3 years of age was associated with less percent body fat, as measured using hydrostatic weighing, at 8 years of age in boys only (Ku et al. 1981) .
Across both RCT and observational study designs, we identified no serious risk of bias, inconsistency, indirectness, or imprecision. For RCTs, the overall quality of evidence was high, and for observational studies, we upgraded the quality of evidence from low to moderate because of the doseresponse relationship (as the level of physical activity increased, the risk of unfavourable measures of adiposity decreased; Table 5 ).
Bone and skeletal health
Two unique studies, both RCTs, examined the relationship between physical activity and skeletal health (represented in 3 papers). One paper reported this relationship in infants and toddlers (Specker et al. 1999 ) and 2 papers reported results in preschoolers (Specker and Binkley 2003; Binkley and Specker 2004) . Details of these 2 unique studies can be found in Table 2 .
In preschoolers, we identified 2 reports from the same RCT that delivered a program of gross motor activity. In- a Includes 1 prospective cohort study (Sugimori et al. 2004) ; although measurements of physical activity were collected at more age 3 and age 6, data were only presented for level of physical activity at age 6 and therefore this study was excluded from further analysis. Quality of evidence has been downgraded accordingly.
b Includes 1 randomized trial (Specker et al. 1999 ).
c Toddlers were randomized to a gross motor or fine motor program. The gross motor program included activities that focused on loading the skeleton and were performed for 15-20 min·day
, and supervised by study personnel. The fine motor program included a similar number of activities but focused on fine motor and cognitive skills.
d Randomization method not reported; allocation concealment not reported; randomization stratified according to childcare center and gender. Not reported if parents or childcare providers were blinded to physical activity intervention (gross vs. fine motor). Unlikely that infants' knowledge of assignment would affect intervention.
e At no age was total body BMC correlated with average 48-h sensor readings, activity scores, or percentage of time bearing weight on the legs. Specific results not reported (Specker et al. 1999 ).
creased activity was associated with increases in tibia circumference at post-intervention (Specker and Binkley 2003) and this effect was present up to 12 months later (Binkley and Specker 2004 ). In contrast, there was no effect on total body bone mineral content, arm bone mineral content, leg bone mineral content, total body bone area, arm bone area, or leg bone area (Specker and Binkley 2003; Binkley and Specker 2004) . The overall quality of evidence was moderate, with no serious inconsistency, indirectness, or imprecision; however, because of many small issues with study design, quality was downgraded because of possible risk of bias (Table 5 ).
Motor skill development
Four studies examined the relationship between physical activity and motor skill development. One RCT studied this relationship in infants (Porter 1972 ) and 3 (2 RCTs and 1 nonrandomized study) in preschoolers (Jones et al. 2011; Reilly et al. 2006; Venetsanou and Kambas 2004) . Details of these 4 unique studies can be found in Table 2 .
In infants, an RCT reported that passive cycling for 2 months during the first year of life resulted in motor (body control balance, grasping) and adaptive (hand-eye coordination) development that was greater than the control group, according to the Gesell Development Schedule (Porter 1972) . The study had moderate-quality evidence and no serious inconsistency, indirectness, or imprecision; however, because of many small issues with study design, quality was downgraded on account of possible risk of bias (Table 3) .
In preschoolers, a randomized controlled trial found a movement skill development physical activity program improved scores on the Test of Gross Motor Development (2nd edition) (Jones et al. 2011) , and a nonrandomized trial (Venetsanou and Kambas 2004) reported significant improvements in motor development scores for preschoolers enrolled in bi-weekly dance classes. Reilly et al. (2006) found that an enhanced physical activity program delivered in a nursery setting significantly increased fundamental movement skills compared with those in the control group, although there was no increase in habitual physical activity levels. The RCTs had no serious risk of bias, inconsistency, indirectness, or imprecision, representing high quality evidence. We identified no reason to upgrade the nonrandomized study and therefore it was left as low quality, with no serious risk of bias, inconsistency, indirectness, or imprecision (Table 5) .
Psychosocial health
Three studies examined the relationship between physical activity and psychosocial health. One RCT studied infants and 2 (1 RCT, 1 observational study) studied preschoolers. No studies examined the relationship between physical activity and psychosocial health in toddlers. Details of these 3 unique studies can be found in Table 2 .
In preschoolers, children randomized to a dance program made greater gains in their social competence and externalizing behaviour (as measured by the Social Competence Behavior Evaluation: Preschool Edition) relative to a control group (Lobo and Winsler 2006) . In a prospective cohort study, more active preschoolers were rated by their teachers as being more outgoing and less socially withdrawn, using the California Child Q set (Buss et al. 1980 ). The quality of evidence was high (randomized control trial) and low (prospective cohort study), and had no serious risk of bias, inconsistency, indirectness, or imprecision (Table 5) .
Cognitive development
One study examined the relationship between physical activity and cognitive development in infants. No studies examined the relationship between physical activity and cognitive development in toddlers or preschoolers.
In infants, passive cycling for 2 months during the first year of life increased language development, defined by the authors as forms of communications by facial expression, sounds, vocalizations, and babble and measured using the Gesell Development Schedule (Porter 1972 ). The quality of evidence was moderate with no serious inconsistency, indirectness, or imprecision; however, because of many small issues with study design, quality was downgraded on account of possible risk of bias (Table 3) .
Cardiometabolic health indicators
Three unique studies (reported in 4 papers) examined the relationship between physical activity and indicators of cardiometabolic health. All studies were in preschoolers. Although the study met our inclusion criteria, physical activity data from Wilson et al. (1992) were analyzed cross-sectionally, and were therefore excluded from analysis. Details of these 3 unique studies can be found in Table 2 .
The relationships between physical activity and cardiometabolic health indicators were often different between boys and girls. Using parent report of physical activity, girls who retained high levels of physical activity had greater reductions in total cholesterol and HDL/total cholesterol ratio (Saakslahti et al. 2004) . Similarly, boys who retained high levels of physical activity had greater reductions in triglycerides (Saakslahti et al. 2004) . Using accelerometry as an objective measure of physical activity, Metcalf et al. (2008 Metcalf et al. ( , 2009 ) reported on the relationship between physical activity and cardiometabolic health. In 1 study, no relationship was found (Metcalf et al. 2009 ). In another study, male preschoolers participating in more than 56 min (median of the boys) of moderate intensity physical activity (i.e., >3 METs) per day had better metabolic status as assessed from a composite score of various cardiovascular disease risk factors (Metcalf et al. 2008 ). There was a trend (p = 0.06) for a similar effect in female preschoolers participating in 42 min (median of the girls) of moderate to vigorous physical activity (Metcalf et al. 2008) . The overall quality of evidence was low, with no serious risk of bias, inconsistency, indirectness, or imprecision (Table 5) .
Risk of increased physical activity
A total of 115 articles were found but none specifically examined the risks associated with increased physical activity in this age group.
Discussion
As part of a rigorous and transparent process to develop Canada's first physical activity guidelines for the early years (aged 0-4 years), we conducted this systematic review to evaluate the available evidence examining the relationship between physical activity and health indicators during the Buss et al. 1980 ; cardiometabolic health indicators, Metcalf et al. 2008 , Saakslahti et al. 2004 , Wilson et al. 1992 . RCT, randomized control trial; BMI, body mass index; BMC, bone mineral content. a Includes 4 randomized control trials (Jones et al. 2011; Mo-suwan et al. 1998; Reilly et al. 2006; Specker and Binkley 2003) .
b There was no difference in physical activity levels between the intervention and control group; therefore, it is difficult to draw inferences on the effectiveness of the intervention. Authors conclude dose of intervention was not strong enough to have an overall impact on physical activity levels (Reilly et al. 2006 ). This was not enough evidence to warrant downgrading the overall study quality. Adjusted mean difference between BMI of experimental and control group from baseline to follow-up (Jones et al. 2011 ).
e Exercise intervention did not significantly reduce weight (Mo-suwan et al. 1998); gross motor physical activity intervention had no effect on total body lean or fat mass (Specker and Binkley 2003) ; no effect of intervention of BMI (Reilly et al. 2006) . f Includes 3 prospective cohort studies (Klesges et al. 1995; Moore et al. 1995 Moore et al. , 2003 Saakslahti et al. 2004 ). Moore et al. 1995 and report follow-ups of the same study -1 at 1st grade (Moore et al. 1995 ) and 1 at 11 years of age (Moore et al. 2003) . Saakslahti reported on BMI cross-sectionally (although did control for it during longitudinal analysis) and was excluded from further analysis. g Higher baseline aerobic activity and increased leisure activity from year 2 to 3 were associated with smaller gains in BMI (Klesges et al. 1995; Moore et al. 2003) ; those in the highest tertile of physical activity had lower BMI, triceps skinfolds, and sum of 5 skinfolds at each year of follow-up. i Regression coefficients of baseline activity as a predictor of BMI 2 years later; higher baseline activity was associated with smaller gains in BMI (Klesges et al. 1995) . j Odds ratio for skinfold measurement in active vs. inactive participants (as measured by Caltrac counts per day); differences in subscapular skinfolds and BMI were not significant between groups (Moore et al. 1995) . k Mean BMI, triceps skinfolds, and sum of skinfolds in most active tertile; p value is for trend compared with the low and moderately active groups of average daily activity from ages 4 to 11 years (Moore et al. 2003) . l Includes 1 unique prospective cohort study with results presented in 2 papers (Specker and Binkley 2003; Binkley and Specker 2004) . Specker is main study and outcomes. Binkley reports BMC at 12 months post-intervention. m Randomization methods not reported; allocation concealment not reported; randomization stratified according to childcare centre and gender. Not reported if children, parents, or childcare providers were blinded to physical activity intervention (gross vs. fine motor). No intention-totreat analysis; excluded those who completed less than 38 weeks of the 1-year intervention. o Tibia periosteal circumference (mm) post-intervention was significantly larger than fine motor group. p Tibia endosteal circumference (mm) post-intervention was significantly larger than fine motor group (Specker and Binkley 2003) . Gross motor physical activity intervention had no effect on total body BMC, arm BMC, leg BMC, total body bone area, arm bone area, or leg bone area (Specker and Binkley 2003; Binkley and Specker 2004) . q Includes 2 randomized control trial (Jones et al. 2011; Reilly et al. 2006) . r Intervention n = 52, control n = 45 (Jones et al. 2011 ); intervention n = 268, control n = 277 (Reilly et al. 2006) . s Adjusted mean difference between score on movement skill development test of experimental and control group from baseline to follow-up (Jones et al. 2011) . t Mean differences in fundamental movement skills score, interpret with caution as the intervention was not able to significantly increase physical activity levels (Reilly et al. 2006) . u Includes 1 nonrandomized controlled study (Venetsanou and Kambas 2004) . The children of the experimental group (n = 28) attended the intervention program for 20 weeks, participating in 2 sessions a week, while the children of the control group (n = 38) did not participate regularly in any organized physical activity program.
v Mean difference on motor development score (The Motoriktest für vier-bis sechsjährige Kinder (MOT 4-6)) between intervention and control group at follow up. w Includes 1 randomized control trial (Lobo and Winsler 2006 ).
x Children who participated in the dance program made significantly greater gains from pre-test to post-test on parent and teacher reports of social competence; internalizingand externalizing behaviour (Lobo and Winsler 2006) . y Includes 1 prospective cohort (Buss et al. 1980) . z Correlations between physical activity and teacher ratings on the California Child Q set (measure of personality characteristics) were significant. *Includes 3 unique prospective studies (Metcalf et al. 2008 (Metcalf et al. , 2009 Saakslahti et al. 2004; Wilson et al. 1992) . Metcalf et al. (2008 Metcalf et al. ( , 2009 ) report follow-ups of the same study. Wilson et al. (1992) measured physical activity at yearly intervals for 3 years but presented cross-sectional analysis and was excluded from further analysis. † Association between moderate to vigorous physical activity and adiponectin for girls but not for boys, although in the opposite direction as expected by the authors (Metcalf et al. 2009 ). ‖ Change in composite metabolic status score for boys above the median for moderate to vigorous physical activity. ¶ Change in composite metabolic status score for girls above the median (Metcalf et al. 2008 ). **No numeric data provided, but constantly active girls reported to have decreased cholesterol (p = 0.004) and increased high-density lipoprotein/total cholesterol ratio (p < 0.001); constantly active boys reported to have decreased triglyceride concentration (p = 0.011) (Saakslahti et al. 2004). early years. We found evidence to support a positive relationship between increased or higher physical activity and favourable measures of adiposity, bone and skeletal health, motor skill development, psychosocial health, cognitive development, and aspects of cardiometabolic health. However, because of the dearth of information we could not determine the specific amount, intensity, frequency, or type of physical activity needed to promote healthy growth and development.
In recent years, a number of surveillance studies have used objective measures to assess physical activity during the early years, particularly within toddlers and preschoolers. These studies measured daily physical activity of at least a light intensity, and reported values that ranged between 118 (Reilly et al. 2004 ) to 144 min per day , with an average value of ∼130 min (Reilly et al. 2004; Obeid et al. 2011; Gabel et al. 2011; Pate et al. 2004) . If one assumes that 130 min·day -1 reflects the "background" physical activity level of these children, the question remains as to how much additional physical activity is necessary for health benefits. In this review, we were not able to answer that question. Another important question relates to the intensity at which the physical activity should be performed. Though the results of this review cannot provide specific information to answer this question, more intense physical activity may be important as children approach the school years (Janssen and LeBlanc 2010) .
This review was able to investigate how physical activity during the early years might be related to health later in life. Some adult diseases are believed to have their origins in childhood (Berenson et al. 1998; Napoli et al. 1999 ) and we know that the initial signs of atherosclerosis, for example, are already detectable during the early years (Newman et al. 1991) . The idea of a physical activity "investment" is an important public health message at a time when childhood obesity (World Health Organization 2011) and physical inactivity (Colley et al. 2011) are at unprecedented levels. The results of this systematic review suggest that investing in physical activity during the early years has health benefits later in life, particularly with respect to adiposity.
An important consideration in this review was the definition of physical activity, because the age limits of the included studies ranged from 1 month to 4.9 years. While we recognize that the form and context of physical activity are different from infants to toddlers to preschoolers, we believe the concept of physical activity can be consistently defined across these ages as any bodily movement generated by skeletal muscles that results in energy expenditure above resting levels (Caspersen et al. 1985) . Of the studies included in this review, we also faced the challenge that measures of physical activity differed markedly and were reported both as indirect and direct measures. Though we had planned a priori to conduct subgroup analysis of direct (e.g., accelerometer or direct observation) versus indirect (e.g., self-report; parent, teacher, or caregiver proxy) measures of physical activity, this was not possible because of heterogeneity of measurement tools and interventions. Future research should try to harmonize the approach to measuring physical activity so that the health benefits of physical activity can be further elucidated across the early years.
In addition to the health benefits of physical activity, effort was made to determine possible risks associated with increasing physical activity during the early years. However, no studies that specifically examined the association between increased physical activity and increased health risk (musculoskeletal risks) could be identified. The lack of evidence may be indicative of the fact that children aged 0-4 years do not usually participate in the kinds of activity that increase the risk of injuries requiring medical treatment (e.g., contact sports). For the most part, infants, toddlers, and preschoolers engage in relatively safe physical activities, such as play, that likely contribute to minor bumps and bruises rather than significant injuries (Chang et al. 1989) . These activities are typically supervised by parents or caregivers, thus reducing the likelihood of dangerous situations. This review sought to compile the best available evidence that linked physical activity and health during the early years by following the rigorous methodological standards that have been established for systematic reviews. We used the GRADE framework to guide the review process and assess the evidence. In accordance with GRADE, as many decisions as possible were made a priori, which helps limit potential bias throughout the review. Furthermore, all steps of the review (i.e., inclusion criteria, exclusion criteria, data extraction, GRADE tables) were done in duplicate to minimize error. In all of the studies included in this review, we found no serious risk of bias, inconsistency, indirectness, or imprecision. However, using such a rigorous methodology also creates limitations. For example, this review may have benefited from including studies that used a lower quality design (i.e., cross-sectional). It is important to note that other scientific reviews of the literature that were used to inform recent physical activity recommendations for the early years for Australia and the United Kingdom, where cross-sectional evidence was included, obtained similar conclusions regarding the relationship between physical activity and specific health indicators. Another limitation of this review is that most of the included observational studies used parent-reported measures of physical activity. This increases the likelihood that estimates of physical activity levels were over-reported because of social desirability bias, and that the relationships between physical activity and the health indicators were underestimated because of measurement error. Finally, we cannot discount the possibility of publication bias in this area of research, suggesting that only positive findings between physical activity and health would have been published and, therefore, available to our search strategy.
This systematic review builds on a previous narrative review (Timmons et al. 2007 ). Over the last 5 years, several studies have been published studying the relationships between physical activity and health during the early years. Nevertheless, there remains a critical need to build research capacity in this area and to enhance understanding of how much physical activity is needed for optimal growth and development. There is a need for more rigorous research designs, including higher quality randomized controlled trials in this age group (e.g., larger and more diverse samples using direct measures and reporting outcomes important for healthy growth and development). Prospective cohort studies using objective and standardized measures of physical activity (e.g., accelerometers) and age-specific health outcomes while accounting for covariates such as age, gender, socioeco-nomic status, ethnicity, and diet are also needed to understand the trajectories of physical activity and health. We propose that research on physical activity during the early years (aged 0-4 years) is needed to address the following questions:
• What is the frequency, intensity, duration, and type (mode) of physical activity associated with favourable health indicators and improvements in health indicators? • Are the relationships between physical activity and health the same for children growing up with a chronic disease or disability? • What are the risks of physical activity during the early years?
• What are the best physical activity methods and measures to use for the early years? • What are the most appropriate and responsive health indicators (or surrogate indicators) relevant to active healthy living during the early years?
Conclusion
To our knowledge, this is the first published systematic review aimed specifically at clarifying the relationship between physical activity and a broad spectrum of health indicators in the early years (aged 0-4 years). This review found low-to high-quality evidence to suggest increased or higher physical activity is associated with better measures of adiposity, bone and skeletal health, motor skill development, psychosocial health, cognitive development, and aspects of cardiometabolic health during the early years. Because of the dearth of information we could not determine the specific amount, intensity, frequency, or type of physical activity needed to promote healthy growth and development. More studies, especially with infants and toddlers, are needed to address these gaps. No risks of increased physical activity were found. This work can be used as evidence to inform public health guidelines.
Competing interests
No competing interests were disclosed by the authors. B.W.T. 
Authors contributions
B.W.T., in collaboration with M.S.T., was responsible for the initiation, conceptualization, and design of the systematic review; oversaw the data collection and extraction, analysis, and interpretation of data; and was responsible for revising the manuscript critically for important intellectual content. B.W.T. was the primary author of the manuscript. A.G.L. was responsible for developing and conducting the search and involved with data collection and extraction, completing the GRADE tables, analysis and interpretation of data, and drafting the manuscript. M.E.K. and S.C.G. were responsible for the design and methodology of the review, completing the GRADE tables, and revising the manuscript critically for important intellectual content. C.D. and J.A.S. were responsible for data collection and extraction, risk of bias assessment, and were responsible for revising the manuscript critically for important intellectual content. I.J. and J.C.S. oversaw the data collection and extraction, analysis, and interpretation of data and were responsible for revising the manuscript critically for important intellectual content. All authors have read and approved the final manuscript. B.W.T. is the guarantor of the paper.
Observational studies
Cohort: A group of persons with a common characteristic or set of characteristics. Typically, the group is followed for a specified period to determine the incidence of a disorder or complications of an established disorder (that is, prognosis), as in cohort study.
Cohort analytic study: Prospective investigation of the factors that might cause a disorder in which a cohort of individuals who do not have evidence of an outcome of interest but who are exposed to the putative cause are compared with a concurrent cohort who are also free of the outcome but not exposed to the putative cause. Both cohorts are then followed to compare the incidence of the outcome of interest.
Prospective cohort study: A group of individuals is selected at random from a defined population. After the cohort is selected, baseline information on potential risk factors is collected, and individuals are followed over time to track the incidence of disease between those people subsequently exposed or not exposed to the risk factor of interest.
Case-control studies: Study generally used to test possible causes of a disease or disorder, in which individuals who have a designated disorder are compared with individuals who do not have the disorder with respect to previous current exposure to a putative causal factor. For example, persons with cancer (cases) are compared with persons without cancer (controls) and history of hepatitis is determined for the 2 groups. Often referred to as a retrospective study because the logic of the design leads from effect to cause. In essence, this type of study is an attempt to look backward in time to identify the characteristics that may have contributed to the development of the disease.
Panel study: Study used prospectively to measure participants at multiple time points in an effort to determine the cause-effect relationship between and exposure and an outcome. 
